


Table 1 - Waste Stream 96406-12 Chemical Profile

Chemical CAS No. |Lower Level Upper Level
ARSENIC 7440-38-2 0 0.048
BENZENE 7143-2  0.0001 0.0005
CATALYST FINES (FCC) 0 10 30
CHROMIUM 7440-47-3 0 0.0014
LEAD 7439-92-1 0 0.0028
NICKEL 7440-02-0 0 0.0384
SAND, DIRT, GRIT, SCALE, GRAVEL, LIME |0 30 50
VIRGIN PETROLEUM HYDROCARBONS 0 5 20
WATER 7732-18-5 |10 20

After a quiet period of several months, nine loads of a similar material from Sunoco were received
during the week of December 12th, 2011. The chemical profile of this waste stream (96406-14)
indicated it contained “silica alumina catalyst” or, in other words, FCC catalysts (see Table 2). During the
course of feeding this material an ash fall incident was experienced on Saturday 17th at 12:05 am that
pressurized the system and, like all previous events, blew the water out of the quench pit.

Table 2 - Waste Stream 96406-14 Chemical Profile

‘Chemical CAS No. Lower Level EpperfeveT
BENZENE 71-43-2 |1 S
PPE 0 0 1
SOLIDS, DIRT,GRIT,SCALE,SILICA ALUMINA CATALYST |0 55 75
VIRGIN PETROLEUM PRODUCTS 0 5 15
WATER 7732-18-5 |10 [25

Last month, on March 3rd, another ash fall and steam explosion took place while again feeding FCC
catalysts. The material came from the Sunoco Marcus Hook plant and was a listed K170 waste. The
generator’s common name for this material is “Clarified Slurry Oil Storage Tank Bottoms.” Five loads
were picked up in late December (12/19/2012 - 12/27/2012) and nine loads were pickle up in late
February (2/19/2013 - 2/28/2013). Clarified slurry oil is a recycle stream within the catalytic cracking
unit from which FCC catalyst has mostly been removed (i.e., “clarified”). The storage tank bottoms are
thus residual FCC catalyst fines and the solids content of the most recent material was probably nearly
100% FCC catalyst fines! Indeed, XRF analysis of this material confirmed that to be the case (see
Sections 4 and 5 that follow).

Review of the data base for all bulk solids loads received from June 1, 2012 to through March 31, 2013
revealed that, with a minor exception, the Sunoco K170 wastes from the Marcus Hook plant were the
only K170 spent catalyst wastes received and that they only came in during the latter parts of Dec 2012
and Feb 2013. The remainder of the 624 bulk loads of refinery wastes from past 10 months caused no
such events or issues.



4. Composition of Spent FCC Catalysts

Interpretation of the analytical results first requires an understanding of the general composition of
spent FCC catalysts. They are comprised mainly of crystalline alumnosilicates, otherwise referred to as
zeolite catalysts. The catalytic activity is strongly influenced by the specific cation(s) occupying the
exchange sites within the Si-Al framework. Rare earth ions from a solution containing Lanthanum (La),
Cerium {Ce), Neodymium (Nd) and Praseodymium (Pr) are generally exchanged directly onto the zeolite
sites. Logically, samples containing spent FCC catalysts would likely contain elevated concentrations of
La, Ce, Nd and Pr, whereas others would not.

The heavier fractions of petroleum (“resid”) generally contain nickel and vanadium that are notorious
poisons to the catalytic activity. Accordingly, FCC catalysts are generally first used on the lighter
fractions, from which the spent catalyst is reprocessed (off-site) and resold for resid application.
Logically, spent FCC catalyst would come mainly from processing of resid and thus would generally
contain elevated concentrations of Nickel and Vanadium.

Manufacturing of FCC catalysts includes addition of a binder material such as silica, aluminum
chlorhydrol or peptized alumina. In addition, clay is added to most FCC catalysts as an inert densifier to
improve the bulk density of the catalyst. Because the amount of silicon and aluminum in the FCC
catalyst product comes from many components, ratios of silica to aluminum have no relevance when it
comes to identifying the presence of catalysts in incoming waste streams.

5. Analyses of Ash Samples

Samples of the ash and bulk feed from the March 3"event were analyzed and the results were
compared to samples of ash and slag from previous events. The results were also compared to samples
of quench pit slag/ash previously obtained during normal operations. As will be seen, samples from
pressurization events clearly contained large amounts of catalysts whereas those from non-event
periods did not.

Samples were analyzed using a variety of methods including X-Ray Fluorescence (XRF), X-Ray Diffraction
{(XRD) and Thermographic Analysis {TGA). The XRD data for the March 3rd ash indicated a large
percentage of the material was a crystalline aluminosilicate compound, as might be expected from FCC
catalyst material. The TGA pattern for that sample was very unusual in that an instantaneous weight
loss of weight occurred when temperature reached about 700 °F. Based on review of zeolite literature
this was probably from water breaking out of the crystalline aluminosilicate to form a different
crystalline compound.

The SRF data were the most revealing. XRF data for quench pit slag/ash during normal non-event
periods are summarized in Table 3a; and those for various types of samples from event periods are
summarized in Table 3b. The samples in Table 3b included four composites made from the actual slag
doughnut from the April 22, 2011 event; and the ash and bulk feed from the most recent March 3rd
event. The results in Table 3b clearly show the presence of FCC catalysts. As can be seen by the
highlighted columns, the “event” samples all contained elevated concentrations of Ni, La, Ce and Nd
whereas the “non-event” samples did not. The XRF results for vanadium and praseodymium were too
low to serve as indicators for the presence of FCC catalysts.
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